Salmonella spp. infection is a major cause of gastroenteritis, with many thousands of cases reported in the European Union every year. The use of probiotics offers the potential to improve this situation. Here, we investigate the effects of oral treatment of pigs with a defined lactic acid bacteria culture mixture on both clinical and microbiological signs of Salmonella enterica serovar Typhimurium infection. Fifteen weaned pigs blocked by sex and weight were administered control milk or a mixture of five probiotic strains as either a milk fermentate or milk suspension for a total of 30 days. The mixture consisted of two strains of Lactobacillus murinus and one strain each of Lactobacillus salivarius subsp. salivarius, Lactobacillus pentosus, and Pediococcus pentosaceous. Following probiotic administration for 6 days, animals were challenged orally with serovar Typhimurium; the health of the animals and the microbiological composition of their feces were monitored for 23 days postinfection. Animals treated with probiotic showed reduced incidence, severity, and duration of diarrhea. These animals also gained weight at a greater rate than control pigs administered skim milk. Mean fecal numbers of Salmonella were significantly reduced in probiotic-treated animals at 15 days postinfection (P ‫؍‬ 0.01). The administered probiotic bacteria improved both the clinical and microbiological outcome of Salmonella infection. These strains offer significant benefit for use in the food industry and may have potential in human applications.
Probiotics, as usually defined, are "live microorganisms which, when administered in adequate amounts, confer a health benefit on the host" (11) . Probiotic properties have been ascribed to many microbial species, but those most commonly used are members of the lactic acid bacteria (LAB) group, particularly Lactobacillus spp. and Bifidobacterium spp. strains. Several studies have investigated the anti-Salmonella effects of potential probiotics by using in vitro procedures, particularly growth medium and tissue culture (8, 13) .
The application of LAB probiotics has been linked by several authors with beneficial effects in models of gastrointestinal infection using small animals. Ogawa et al. reported that the use of Lactobacillus casei Shirota reduced colonization levels and decreased the severity of diarrhea in Escherichia coli O157: H7-infected infant rabbits (24) . Using mice, Johnson-Henry et al. noted that a mixture of Lactobacillus spp. strains reduced gastric inflammation and bacterial colonization in Helicobacter pylori-infected animals (20) . Varied results have been reported with the use of Salmonella spp. infection models. Pascual et al. noted complete exclusion by 21 days of S. enterica serovar Enteritidis when they used Lactobacillus salivarius in chickens (25) , and Nisbet et al. observed a significant decrease in mortality due to S. enterica serovar Gallinarum infection in chicks treated with a commercial probiotic mixture (23) . La Ragione et al. observed no beneficial effect on serovar Enteritidis fecal numbers or colonization of the intestine when they pretreated chickens with Lactobacillus johnsonii (21) . The same authors did however note that E. coli numbers were reduced in the small intestine but not in the colon, cecum, or feces. They also claimed that the strain was very effective against Clostridium perfringens. Silva et al. observed improved survival for mice pretreated with Bifidobacterium longum during challenge with Salmonella spp. but no effect on numbers of the pathogen (27) . They postulated that this may be due to a reduced inflammatory response mediated by the probiotic treatment but not population antagonism.
Reports of the efficacy of probiotic treatment in alleviating intestinal infection in large animals remain scarce. Zhao et al. claimed that the application of probiotic E. coli (no LAB) reduced the carriage of E. coli O157:H7 in cattle (29) . Lema et al. observed that lambs infected with E. coli O157:H7 and then administered Lactobacillus acidophilus showed no beneficial effects (22) . However, feeding the lambs a mixture of L. acidophilus and Streptococcus faecium, or the Streptococcus strain alone, significantly lowered numbers of the pathogenic strain. The greatest reduction in numbers was seen with the use of a mixture of L. acidophilus, S. faecium, L. casei, Lactobacillus fermentum, and Lactobacillus plantarum. Genovese et al. found that a competitive exclusion culture reduced the mortality and shedding of enterotoxigenic E. coli in neonatal pigs (18) . The same group also observed that neonatal pigs treated with a similar culture shed significantly lower pathogen numbers after challenge with S. enterica serovar Choleraesuis and also exhibited reduced counts in the lower intestine (17) . Whether or not symptoms of infection were alleviated was not described. Fedorka-Cray et al. reported that the application to serovar Choleraesuis-challenged piglets of a competitive exclusion culture of swine origin led to reduced Salmonella counts in their cecal contents and at the ileocolic junction. Reduced numbers of Salmonella-positive gut tissue samples were also seen; however, no clinical symptoms of infection were observed in any animals, including the controls (12) .
In this report, we investigate the effects of pretreatment of weaned pigs with a defined LAB culture mixture on both clinical and microbiological signs of Salmonella infection. The results of molecular analysis of the excreted cultures are also described.
MATERIALS AND METHODS
Bacterial strains and culture conditions. Lactobacillus murinus DPC6002 and DPC6003, Lactobacillus pentosus DPC6004, Lactobacillus salivarius DPC6005, and Pediococcus pentosaceus DPC6006 are rifampin-resistant (Rif r ) variants of cultures previously selected from a bank of porcine intestinal isolates on the basis of molecular typing and probiotic and technological properties, such as antimicrobial activity, bile tolerance, growth in milk, and survival in the porcine gastrointestinal tract (GIT) (2, 14, 15) . These were routinely cultured at 37°C in MRS broth (Difco Laboratories, Detroit, MI) in anaerobic jars with CO 2 -generating kits (Anaerocult A; Merck, Darmstadt, Germany). For animal challenge, Salmonella enterica serovar Typhimurium PT12, a porcine isolate, was obtained from the culture collection of the Central Veterinary Research Laboratory and routinely cultured in tryptic soy broth (Merck, Darmstadt, Germany). To facilitate fecal enumeration, a nalidixic acid-resistant (Nal r ) variant of the strain was generated by spread plating 100 l of overnight culture onto brain heart infusion agar containing increasing concentrations of nalidixic acid (0 to 70 g/ml). A single colony from a plate containing 50 g/ml nalidixic acid was grown in broth and stocked. The randomly amplified polymorphic DNA (RAPD) banding pattern and growth characteristics of this variant were compared to those of the parent strain to ensure similarity.
Preparation of probiotic fermentate and suspension for pig feeding trial. Individual cultures were grown in 10% reconstituted skim milk with yeast extract (RSM plus YE), with the exception of the L. salivarius strain, which was grown without YE, and mixed to obtain a fermentate mixture for pig feeding as described previously (15) . For the suspension, 90-ml volumes of de Man Rogosa Sharpe broth (MRS; Merck, Darmstadt, Germany) were inoculated with the appropriate culture at 1% (vol/vol) and grown overnight in MRS broth at 37°C. Following incubation of each culture, the bacteria were harvested by centrifugation, resuspended in 900 ml of RSM or RSM plus YE, and mixed. This suspension was then aliquoted into 100-ml volumes, stored at 4°C, and used within 8 days. Bacterial numbers for each batch of fermentate and suspension were determined by plate counting on MRS agar to ensure consistency.
Pig challenge trial. The pig feeding trial complied with all relevant legislation regarding the protection of animals and was approved by the Animal Research Ethics Committee at University College Dublin. Blood and fecal samples were collected from a total of 21 crossbred (Large White ϫ Landrace) weaned pigs and analyzed as previously described to ensure the animals were negative for Salmonella carriage (1). The pigs were administered feed for 7 days postweaning in the Moorepark pig production facility and then trained to drink RSM while continuing to receive feed for a further week. Zinc oxide was included in feed for the first 7 days, as animals at this age are otherwise prone to illness. The zinc oxide was removed from their feed for the second week due to its antimicrobial properties. No antibiotic growth promoters were administered to the animals at any stage. Fifteen pigs which were Salmonella negative and drinking milk well were then transported to a pathogen challenge facility at the Central Veterinary Research Laboratory, Abbotstown, Dublin, Ireland, where they were blocked by sex and weight. Blood and fecal samples from all animals were again analyzed to confirm their Salmonella-negative status prior to challenge. Pigs within each block were assigned at random to one of three treatment groups (n ϭ 5), as follows: control, probiotic fermentate, and probiotic suspension. Each animal was penned individually to prevent cross-contamination, and control animals were housed in an area separate from probiotic-treated animals. In addition to the cultures or skim milk administered throughout the trial as outlined below, all animals had unrestricted access to water and nonmedicated creep feed obtained from the Moorepark feed mill.
Once in the Central Veterinary Research Laboratory facility, the pigs were fed sterile RSM for 6 days, following which they were administered probiotic or control milk for 30 days. Pigs receiving probiotic culture were fed 100 ml daily of the appropriate mixture, providing a total dose of either ϳ4 ϫ 10 10 CFU/day (fermentate) or ϳ4 ϫ 10 9 CFU/day (suspension). Preliminary experiments (data not shown) indicated that the numbers of each culture within the suspension and fermentate were approximately equal. Control animals received 100 ml of RSM plus YE daily. Following 6 days of probiotic administration, the animals in each treatment group were challenged orally with 1 ϫ 10 8 CFU serovar Typhimurium PT12 Nal r daily for three consecutive days (i.e., days 0, 1, and 2 postinfection [p.i.]). Freshly voided fecal samples were collected from the pigs 4 days prior to Salmonella challenge (day Ϫ4) and at 2, 4, 8, 15, and 23 days p.i., i.e., following the first challenge. Probiotic counts were determined at days Ϫ4, 2, 8, 15, and 23; Salmonella organisms were enumerated at days 4, 8, 15, and 23 postinfection. All microbiological enumeration procedures are outlined below.
Pigs were weighed initially in Moorepark before their transport to Abbotstown and again at the end of the feeding period (day 23 p.i.). Their weights were recorded and growth rates (in g/day) calculated, with comparisons being made between the control and probiotic treatments.
Fecal samples collected from the pen of each animal between 3 and 7 days postinfection were examined, and the presence or absence of diarrhea was noted. Rectal temperature was recorded daily for 7 days postinfection. Observations of fecal consistency and the attitude of the animals, as recorded by one of the investigators, were combined to form a clinical scoring system (Table 1) . These scores were recorded daily for the first 9 days postinfection and indicated the severity of illness observed in each animal over this period.
Microbiological analysis of pig fecal samples. Fecal samples were stored at 4°C and analyzed within 24 h of collection; samples were homogenized in maximum recovery diluent (Lab M, United Kingdom) as 10-fold dilutions using a stomacher (Lab-Blender 400; Seward Medical, London, United Kingdom), further diluted in maximum recovery diluent, and appropriate dilutions were pour plated. The administered strains were enumerated following anaerobic incubation for 5 days at 37°C (as recommended by the manufacturer) on Lactobacillus selective agar (LBS agar; Becton Dickinson, Cockeysville, MD) containing 150 g/ml of rifampin as a selective agent and 50 U/ml nystatin (Sigma) to inhibit yeasts and molds (LBS-RIF). In addition, 18 to 20 colonies selected from LBS-RIF plates from each probiotic-fed animal at day 8 and day 23 p.i. (i.e., up to 100 colonies in total for each treatment group) were cultured in MRS broth and fingerprinted by RAPD-PCR to determine the relative proportions of the individual probiotic strains. Genomic DNA was isolated from 1.5 ml of the overnight cultures according to the method outlined by Coakley et al. (5) . The extracted DNA was then used as a template in PCR amplifications, which were performed using the random primer R2 (5Ј-GTGATGTGCTGGTGTTATGTTTA-3Ј; MWG Biotech, Ebersberg, Germany) as previously outlined (14), with the following modifications: PCR amplifications were performed in a total volume of 50 l in an Eppendorf DNA thermal cycler (Eppendorf Scientific Inc., Westbury, NY) a The scoring system is a combined scoring for attitude (0 ϭ normal, 1 ϭ must be stimulated to get up, 2 ϭ gets up with help, 3 ϭ cannot get up) and feces (0 ϭ normal, 1 ϭ soft, 2 ϭ mild diarrhea, 3 ϭ severe, watery diarrhea). Preliminary experiments suggested that the numbers of Salmonella recovered from the pig feces would be very low and not suitable for counting by direct plating (data not shown). Fecal Salmonella numbers were therefore determined by a three-tube most probable number (MPN) method. Fecal samples were initially nonselectively enriched in buffered peptone water (BPW; Lab M). Ten grams of feces was added to 90 ml of BPW and homogenized for 4 minutes. The homogenate was then further diluted based on expected Salmonella numbers before being stored at 4°C. This second homogenate was then divided into three 50-ml, three 5-ml, and three 0.5-ml aliquots; the 0.5-ml aliquots were further diluted by the addition of 1 ml BPW. All tubes were incubated overnight at 37°C, after which samples were selectively enriched by adding 0.1 ml from each tube to 9.9 ml of Rappaport-Vassiliadis broth (Lab M) and incubating for 18 to 24 h at 42°C. A loopful of suspension from each tube was streaked on brilliant green agar (Lab M) containing 20 g/ml of nalidixic acid (Sigma) and 25 g/ml novobiocin (Sigma). The number of positive brilliant green agar plates was noted, and from this the number of Salmonella present in each sample was calculated using the MPN table of de Man (7). Where an end point for the MPN procedure was not reached (i.e., Salmonella numbers were either above or below the appropriate limit of detection [LOD] ), the procedure was repeated using a further dilution of the original homogenate.
Statistical analysis. Data pertaining to animal weight, temperature, presence or absence of diarrhea, and clinical score were studied in one of two ways. For investigation of data regarding individual probiotic groups, one-way analysis of variance (ANOVA) was used to analyze normally distributed data. Data exhibiting a nonnormal pattern of distribution were analyzed by the nonparametric Kruskal-Wallis one-way ANOVA on ranks test, with post hoc comparison by Dunnett's method. Where data were considered on the basis of a single probiotic grouping (i.e., suspension and fermentate combined), Student's t test was used for data satisfying assumptions of normality; where nonparametric analysis was required, the Mann-Whitney U test was used. Where serovar Typhimurium MPN counts were not obtained due to the result falling below a detectable level, the value of the applicable LOD was substituted; this value was also added to all other data obtained at that time point. Where MPN counts were not obtained due to the result being above a detectable level, the value of the applicable LOD was again substituted; this generally applied where there was insufficient fecal sample available to perform a repeated MPN procedure. Where sufficient fecal sample was available to perform repeated MPN analyses but results were still above detectable levels 14 days after initial sample collection, values were left blank due to the uncertainty inherent in using samples outside this time frame. Salmonella counts were transformed to log base 10 before analysis by one-way ANOVA, with post hoc multiple comparison procedures performed using the Holm-Sidak method. Differences were considered significant if P was Ͻ0.05. Data are reported as the mean Ϯ standard error of the mean. All calculations were performed using the program SigmaStat 3.1 (Systat Software, Erkrath, Germany).
RESULTS

Physical indicators.
The weights of the animals in the control group increased by a mean of 500.6 Ϯ 57.9 g/day, a figure similar to that normally seen for weaners in Ireland. Higher mean weight increases were seen in animals treated with either the suspension (636.4 Ϯ 21.7 g/day) or fermentate (632.4 Ϯ 34.5 g/day), although these differences were not significant when using a P value of Ͻ0.05 (P ϭ 0.06). Thirteen of 25 individual fecal samples collected between days 3 and 7 p.i. from animals fed control milk were positive for the presence of diarrhea. This compared with only 6 positive samples (of 50 overall) collected from animals fed probiotic, three each from animals fed the probiotic as suspension or as fermentate. Statistical analysis indicated that the feeding of probiotic to animals was associated with a significantly lower risk of diarrhea (P Ͻ 0.001). Of the five pigs in the control group, four exhibited diarrhea during the 5-day period. Of the animals fed probiotic, two of those fed the probiotic suspension gave diarrhea-positive stool samples, with only one fermentate-fed animal showing diarrhea during the study. Statistical analysis of the mean clinical score of animals in the control group (7.0) and animals fed probiotic when taken as a single group (suspension and fermentate scores combined; 2.1) resulted in a significantly lower score for the probiotic-fed animals. When the probiotic treatments were compared separately (suspension versus control and fermentate versus control) against the control group, their mean clinical scores, while lower, were not significantly so (P ϭ 0.11) ( Table 1 ). Significant increases in rectal temperature were not detected in animals from any group postinfection.
Fecal excretion of administered cultures. Total numbers of excreted probiotic cultures rose in all treated animals to a peak of between 6.48 and 7.71 log 10 CFU/g feces at 15 days after the first administration (8 days postinfection). Compared to suspension-treated animals, higher total counts were observed in all cases from pigs fed the fermentate (Fig. 1) ; this is in keeping with the higher probiotic count delivered in the fermentate mixture.
Effects on fecal excretion of S. enterica serovar Typhimurium. Salmonella spp. in fecal samples of control and treatment groups were enumerated by the MPN technique at regular intervals postinfection. No statistical differences were observed between control and probiotic treatment groups at 4 days postinfection (P ϭ 0.09) (Fig. 2) . At 8 days postinfection, the mean Salmonella numbers of the suspension and fermentate groups (3.03 and 2.04 log 10 CFU/g feces, respectively) were lower than that of the control group (3.51 log 10 CFU/g), although this difference was not shown to be statistically significant (P ϭ 0.18). At 15 days postinfection, the numbers of Salmonella detected in the control samples were significantly higher than those of the probiotic grouping (P ϭ 0.01); analyzed individually, the mean values of the suspension and fer- mentate treatment groups (1.4 and 1.42 log 10 CFU/g feces, respectively) were also shown to be statistically significantly different from that of the control (3.68 log 10 CFU/g) (Fig. 2) . Analysis of the final fecal samples from the animals, taken 23 days after the initial Salmonella infection, indicated no significant difference in numbers of Salmonella between the control and probiotic groupings (P ϭ 0.2) (Fig. 2) .
Excretion of administered probiotic cultures. Fecal samples taken at days 8 and 23 postinfection from animals fed probiotic as suspension or fermentate were analyzed by RAPD-PCR, and the composition of individual probiotic cultures within the mixture was identified (Fig. 3) .
At 8 and 23 days postinfection, L. murinus DPC 6003 was by far the most prevalent culture recovered from animals receiving the fermentate treatment, accounting for 60% of colonies analyzed at day 8 and 67% at day 23. Relatively large numbers of L. murinus DPC 6002 were also recovered, accounting for 24% of colonies at day 8 and approximately 28% at day 23. At 8 days postinfection, 12.5% of colonies taken from fermentate samples were identified as L. pentosus DPC 6004, while this culture only accounted for 3% of colonies from the same animals at day 23 postinfection. Two percent of colonies taken from fermentate samples at both 8 and 23 days postinfection were identified as L. salivarius DPC 6005. Only one colony of Pediococcus pentosaceus DPC 6006 was recovered at day 8 p.i. and did not account for any of the isolates at day 23 (Fig. 3) .
The proportions of colonies recovered from fecal samples of animals administered the suspension treatment differed considerably from those observed in fermentate-fed animals. L. salivarius DPC 6005 accounted for 72% and 77% of colonies recovered at day 8 and day 23 p.i., respectively. The remaining 28% of colonies at day 8 were all identified as L. pentosus DPC 6004; this probiotic represented 19% of the total at day 23. Low numbers of both L. murinus DPC 6002 (2.5%) and L. murinus DPC 6003 (1%) were also identified at day 23. No colonies of P. pentosaceus DPC 6006 were identified in either case (Fig. 3) .
When the overall numbers of Rif r probiotic colonies were enumerated, it was observed that total numbers recovered from fermentate samples were 2 to 20 times higher than those from suspension samples (Fig. 1) ; this is in keeping with the higher initial numbers in the fermentate administered. Numbers at day 23 were slightly lower than those at day 8. Combining these data with the relative proportions for individual cultures obtained above gives a good indication of the actual numbers represented by each culture. While large numbers of L. murinus strains DPC 6002 and 6003 were recovered from fermentate samples but not from suspension samples, the combined numbers (CFU/g) of DPC 6005 and DPC 6004 were very similar in both the fermentate and suspension samples at both 6 CFU/g and 1.0 ϫ 10 6 CFU/g, respectively) (Fig. 3) .
DISCUSSION
Salmonella spp. infection remains a major cause of foodborne gastroenteritis, with an estimated 160,000 cases of human salmonellosis reported annually in the European Union (9, 10). Serovar Typhimurium and serovar Enteritidis are the serotypes most commonly associated with cases of food-borne salmonellosis in humans (9) . In the United States, the FoodNet program has noted that the estimated incidence of Salmonella infection has declined at a slower rate than other major foodborne illnesses (3) . Consumption of pork products containing salmonellae leads to many cases of food-borne illness each year (3, 28) . Serovar Typhimurium remains the serovar most commonly isolated from pigs in Ireland and elsewhere (1, 6, 26) .
The probiotic bacteria used in this study were selected based upon their ability to survive simulated gastrointestinal environments and to prevent Salmonella invasion of intestinal epithelial cells (2) . We have also examined the ability of the five strains to survive transit through the pig GIT in healthy animals and highlighted the advantages of using the strains in combination (15) . In the current study, we examined whether these procedures were effective in isolating bacteria with in vivo anti-Salmonella activity by investigating the efficacy of the five strains in improving the outcome of Salmonella infection in weaned pigs.
Application of either of the probiotic treatments in this study resulted in reduced numbers of fecal Salmonella. While lower mean counts were observed for probiotic-treated animals at a number of sampling points, these differences were significant at 15 days postinfection, with the control animals exhibiting a mean Salmonella count approximately 200-fold higher than either of the probiotic groups. As the number of salmonellae shed by the pigs was sometimes higher than expected, some samples were not sufficiently diluted in order to obtain an endpoint in the MPN technique. This made comparison at day 4 p.i. particularly difficult, as low sample quantities resulted in only two counts being obtained for control animals. The lack of observed probiotic effect at this point may be due to high numbers of administered Salmonella still being excreted after the third consecutive day of inoculation, i.e., "flushing through." Salmonella counts rose slightly for pigs in the suspension group at 23 days p.i. We believe that this may be due to reinfection of animals from their surroundings. Such environmental infection has been shown to be an important factor in Salmonella carriage in pigs (16, 19) . A number of reports have been published describing probiotic-mediated reduction in intestinal Salmonella numbers (12, 17) ; these studies have, however, utilized serovar Choleraesuis, which has not been implicated as a major cause of human disease. The culture used by these groups is a complicated mix of different bacteria, including species of the genera Clostridium and Enterococcus; it is possible that this composition could lead to pathogen transmission and may not be suitable for human application. Those studies also described the administration of cultures to neonatal pigs which had not yet established a stable gut flora, in contrast to our use of older, weaned animals.
While the candidate cultures proved effective in the primary goal of reducing intestinal Salmonella numbers, we also investigated their effects on several disease indicators. Administration of either form of probiotic mixture clearly led to alleviation of physical signs of illness in the animals, although not always significantly so. In all cases, no significant differences were seen between results for the fermentate and suspension groups. Perhaps the most obvious sign of gastrointestinal infection is the presence of diarrhea. While over 50% of stool samples from control animals were diarrhea positive, the corresponding figure for probiotic-treated pigs was significantly lower at 12% in both cases. Ogawa et al. have demonstrated a reduced severity of diarrhea in E. coli O157:H7-infected rabbits (24); we are not aware of any reports of probiotic-mediated reduction in incidence of diarrhea in any model of Salmonella infection to date. Clinical scoring systems are used in an attempt to quantify objectively the severity of disease between groups of animals; such a system was devised, with higher scores indicating more severe illness. While both probiotic treatment groups yielded lower mean scores than the control group, these were not significantly so. However, investigation of the culture-fed animals as a single group (based on results detailed below) did result in significantly lower clinical scores. In addition to the differences recorded in clinical scores between treated and control groups, the veterinarian responsible for animal welfare noted a marked difference between the control and probiotic groups in overall demeanor, with treated groups being consistently brighter and more alert. The weight gain of the animals in the individual probiotic groups across the trial period, while greater than that of control animals, was not significantly so based on a P level of Ͻ0.05. Improved growth performance in pigs due to the administration of probiotics has previously been demonstrated by Chang (4) .
RAPD-PCR analysis of excreted probiotic cultures indicated that the two L. murinus strains dominated in animals administered the probiotic fermentate. This is in keeping with our previous study (15) , during which pigs were also fed probioticfermented milk. However, examination of colonies isolated from animals treated with a milk suspension containing the same strains in similar relative proportions demonstrated that the two L. murinus strains comprised only a small proportion of excreted probiotics. An examination of the composition of the milk fermentate showed that the numbers of the individual cultures present remained approximately the same during storage (data not shown); it is thus likely that the milk fermentation process gives the L. murinus strains a selective advantage in subsequent intestinal conditions. Investigation of the numbers of excreted individual cultures (Fig. 3) revealed similar combined levels of L. pentosus DPC6004 and L. salivarius DPC 6005 in both fermentate-and suspension-fed animals at day 8 p.i. and day 23 p.i. Due to the lack of differences observed in the results for both probiotic groupings, it may be possible that any probiotic effect can be ascribed to the common factor(s) in the two treatments, i.e., L. pentosus DPC6004 and L. salivarius DPC 6005; whether either DPC6004 or DPC6005 alone or the combination of both strains is the source of the beneficial effects seen is not yet clear. This hypothesis is supported by our earlier results (15) showing no decrease in numbers of Enterobacteriaceae isolated from the feces of pigs fed either of the L. murinus strains but substantial reductions in animals fed any of strains DPC6004, DPC6005, or DPC6006 or a mixture of all five strains. The results therefore also suggest that the dominant bacteria in probiotic mixtures may not be responsible for the observed beneficial effects. However, as we cannot say with certainty that the fecal microbiological composition mirrors that of the intestine, further investigations will be necessary to establish the accuracy of this theory. This observation of a potentially similar "active ingredient" in both probiotic groups led us to combine the data from both groups in some statistical tests, as described earlier.
The data presented in this report show that the probiotic mixtures used led to an amelioration of diarrhea in S. enterica serovar Typhimurium-infected pigs early in the course of infection and reduced pathogen counts over a longer time frame. This demonstrates the validity of using commensal LAB strains in the prevention of gastrointestinal infection and underlines the usefulness of the in vitro and in vivo procedures used to isolate and select the bacteria (2, 15) .
